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COMPARATIVE PERFORMANCE ANALYSIS OF MACHINE LEARNING
TECHNIQUES FOR CARDIOVASCULAR DISEASE PATTERN DETECTION

Abstract: this paper evaluates the performance of three data analysis techniques-
decision trees, neural networks, and self-organizing Kohonen maps-in identifying car-
diovascular disease patterns. Based on a dataset of 1,328 patient records, the models
were compared regarding classification accuracy for target variables and demo-
graphic attributes. The neural network achieved the lowest error rate for disease pre-
diction (3.61%), while the decision tree showed robust performance (6.17%) with
higher interpretability. The findings underscore the necessity of method selection based
on data specificity and the trade-off between accuracy and transparency in medical

diagnostics.
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CPABHUTEJBHBIN AHAJIN3 D®P®EKTUBHOCTU METO/IOB
MAIINHHOTI'O OBYYEHMUSA J1JIA BBISAABJIEHUA ITATTEPHOB
CEPIEYHO-COCYIUCTBHIX 3ABOJIEBAHUI

Annomauyus: 6 cmamove NPOBOOUMCSL OYEHKA I HeKMUSHOCMU mpex Memooos
AHAU3A OAHHBIX — 0EePesbes PeuleHUll, HeUPOHHbIX cemell U CaMOOPSAHU3YIOUUXCSL

kapm Koxonena — onsa eviaenenus nammepHos cepoeuHo-cocyoucmolx 3a0071e8anul.
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Ha ocnoge nabopa oannvix, exnrouarowezo 1 328 3anuceii o nayuenmax, mooenu cpas-
HUBAIUCH NO MOYHOCMU KIACCUDUKAYUU YeleBblX NePEeMEHHbIX U deMozpaghuiecKux
ampubymos. Heiipounas cemv npooemoncmpupogana HaumMeHbuull yposeHs ouuoKu
npu npoeHosuposanuu 3abonesanus (3,61%,), 6 mo apems Kaxk oepeso peuieHuli noxa-
3an0 HaoedxcHvle pesyibmamsl (6,17%) npu Oonee 8bicOKOU UHMEPNPEMUPYEMOCTIU.
Tonyuennvie pezynvmamul nOOYEPKUBAIOM HEOOXO0OUMOCHb 8blO0Opa Memooda ¢ yue-
Mmom cneyu@uKku OaHHbIX, A MAKHCe KOMNPOMUCCA MeHCOY MOYHOCIbIO U NPO3PAYUHO-

CcMbio Mooenell 8 MeOUYUHCKOU OUASHOCMUKe.

Knwuesvie cnosa: aunanus OaumHvix, MawuHHoe o00yUeHUe, 0epesvbsi peuleHull,

HelpoHHble cemu, Kapniol KOXOHeHa, MeaMZ/;MHCKa}Z anaiumuka.

Introduction: data analysis has become an indispensable tool in healthcare for
identifying patterns, predicting trends, and discovering internal dependencies within
multivariate patient records. This study focuses on the application of three powerful
ML techniques: decision trees, neural networks, and self-organizing Kohonen maps
(SOM). The objective is to reveal their effectiveness in uncovering hidden dependen-
cies related to heart disease and to provide concrete practical examples of their appli-
cation in solving real-world diagnostic problems.

Research Methods: the dataset comprises 1,328 records, each representing a pa-
tient with 14 medical attributes, including age, sex, chest pain type, resting blood pres-
sure, serum cholesterol, and maximum heart rate. The target variable indicates the pres-
ence (1) or absence (0) of heart disease.

- Decision Trees: Provide a transparent, hierarchical decision structure that sim-
plifies result interpretation and identifies key factors affecting classification.

- Self-Organizing Maps (SOM): Employed to cluster patients based on multidi-
mensional clinical characteristics, facilitating the visualization of data structures and
grouping of similar profiles.

- Neural Networks: A multilayer architecture was utilized to automatically extract
meaningful features and minimize prediction errors for complex, non-linear relation-

ships in the medical data.
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Results and Discussion: the models were evaluated based on their error rates in
predicting the target variable (disease presence), age, and sex.

- Decision Tree: Demonstrated high performance in predicting the target attribute
(error rate 6.17%) and sex (5.12%). However, a 0% error in age prediction suggests
potential overfitting to the training data.

- Kohonen Maps: Encountered difficulties with categorical and continuous varia-
ble predictions, yielding a 10.71% error for the target and 50.15% for age, indicating
the need for rigorous parameter tuning.

- Neural Network: Showed the best overall performance for disease prediction
with an error rate of 3.61%. Nevertheless, it struggled with age determination (99.62%
error), highlighting the necessity for architectural optimization when handling diverse
attribute types simultaneously.

The varying sensitivity of the methods to different attributes emphasizes the im-
portance of understanding data specificity. Decision trees excel in identifying transpar-
ent dependencies affecting heart disease risk, while neural networks provide superior
classification accuracy for the primary diagnostic target.

Conclusion: the comparative analysis confirms that no single algorithm is univer-
sally optimal for all medical attributes. Decision trees offer a balance of acceptable
accuracy and high interpretability, crucial for clinical decision support. Neural net-
works provide superior predictive power for the target disease but require careful tun-
ing to handle auxiliary demographic variables. Future research will focus on ensemble

methodologies to mitigate overfitting and improve multi-target prediction accuracy.
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